ABSTRACT
manipulated participants' hunger and presented photographs of appetizing food or inedible 23 objects in combination with painful laser stimuli. Fourteen healthy participants completed 24 two EEG sessions: one after an overnight fast, the other following a large breakfast. Spatio-25 temporal patterns of cortical activation underlying the hunger-pain competition were explored 26 using 128-channel EEG recordings, and source dipole analysis of laser evoked potentials 27 (LEPs). We found that initial pain ratings were temporarily reduced when participants were 28 hungry compared to when fed. Source activity in parahippocampal gyrus was weaker when 29 participants were hungry, and activations of operculo-insular cortex, anterior cingulate cortex, Hunger and pain have basic homeostatic components, and both necessitate alleviative actions.
43
When experienced singularly the course of action is obvious, but when experienced together, 44 the appropriate response may be less apparent. If the hunger drive is present but weak, it 45 should be possible to ignore it and escape from the pain. If mild pain is present but the 46 hunger drive is stronger, it should be possible to eat while ignoring pain. If either drive is appetitive, the other defensive. The appetitive system is engaged by approach-related 95 reinforcers such as ingestion; the defensive system is triggered by threat.
96
The aim of this study was to explore competitive interactions between the appetitive 97 and defensive motivational systems, using fasted vs. fed states, and presenting food 98 photographs in combination with painful laser stimuli. We hypothesize that viewing food 99 cues should activate the appetitive system, inhibiting the pain-activated defensive system and 100 resulting in a suppression of subjective pain perception and pain-related brain activity.
101
Provided that the visual food cues are sufficiently motivationally salient, such a pain decrease 
METHODS

111
Participants
112
Fourteen healthy volunteers (seven male) with a normal body mass index (BMI: World Health sessions.
133
The experiment took place in a sound attenuated room. Painful stimuli were produced 134 using an Nd-YAP laser stimulator (Stim1340, El.En., Italy); the spot size was 5 mm, and the 135 pulse duration was 3 ms. Before beginning the experiment a 5 cm circle was drawn on the 136 dorsal surface of the participants' right hand, and the laser stimuli were applied pseudo 137 randomly within. The laser intensity to be used was selected by applying a succession of 138 7 painful stimuli ranging from 1.0 J up to 2.25 J. Intensities started off low, and after each 139 stimulus the participant was asked to rate, on a scale of 1 to 7, how much pain they had felt.
140
The scale was anchored as '1: no pain' and '7: worst imaginable pain'. The laser intensity 141 was gradually increased until participants gave a rating of 3-4 (moderate pain). When this 142 rating was achieved, three more stimuli at this intensity were applied to ensure that the rating 143 remained consistent. Participants were given five practice trials and shown how to make their 144 response.
145
The experiment was comprised of three blocks, each containing 32 trials. Figure 1   146 shows a visual representation of the trial structure. We divided the experiment into blocks for
147
reasons of safety and data quality. ranged from four to eight minutes, depending on the time it took to re-saturate the electrodes 154 and / or adjust the laser intensity if participants' pain ratings had noticeably decreased.
155
The food photographs used in the experiment were selected on the basis of an 156 unpublished pilot study, which had found them to be consistently rated as tasty, reference-free data using common average reference (Lehmann 1987 taking this voxel-specific information into account is then computed.
203
Parameters specified in the current CLARA analysis were singular value (MathWorks Inc., Natick, MA, USA), using 1000 permutations and a 99% confidence level.
231
The permutation method was necessary to control for the inflated risk of Type I error, brought 232 about by the large number of ANOVA tests required. 
RESULTS
234
Behavioral data
235
The goal of giving participants a large breakfast was to ensure that they felt full and not 236 hungry, leading to clearly delineated hungry and fed conditions. Paired t-tests were employed 237 to compare the level of eating drives between sessions. When participants were fed in 238 comparison to fasting, VAS scale ratings were significantly lower for hunger (mean ± SD for 239 hungry session: 62.79 ± 15.5; for fed session: 9.43 ± 15.8, t (13) = 11.1, p < .001), desire to 240 eat (mean ± SD for hungry session: 64.93 ± 19.6; for fed session: 8.79 ± 11.8, t (13) = 9.9, p <
241
.001), and prospective consumption (mean ± SD for hungry session: 57.79 ± 18.3; for fed 242 session: 15.86 ± 16.3, t (13) = 8.0, p < .001).
243
Laser intensities were necessarily adjusted between blocks for most of the participants, in the fed session in block 1 were significantly larger than those in blocks 2 (t (13) = 3. Table 1A . Figure 4B shows the statistically significant effects of photographs on the 
Correlation data
317
After each EEG session, ratings of how enjoyable, filling, and tasty the food in the 318 photographs looked were taken on VAS scales, along with a rating of how much participants 319 could eat of the different foods if they were hungry. These measures were highly inter-320 correlated within sessions, so they were collapsed to give a single hedonic rating scale for 
328
Source 3 activation during this epoch was not significantly correlated with pain ratings. 
400
The final area that appeared to be modulated by photograph type was the cerebellum, between food stimuli and pain, resulting in slight interference with nociceptive processing.
438
Our results provide a suggestion as to a possible mechanism underlying previous 
Conclusion
462
The results of the current study demonstrate that hunger and visual food stimuli may partially 463 suppress the cortical processing of noxious stimuli, and induce a short lived and small 464 reduction in pain intensity. The clinical significance of these findings for pain relief in chronic 465 pain patients is limited at this stage, and will need to be established in future studies.
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856
The screen went blank for 1000 ms, and then participants rated the pain they had felt on a 857 visual analogue scale of 1-7 (anchored as 1 = no pain; 7 = worst imaginable pain). The scale 
